Ten patients without valvular disease were studied by ventriculography, and the rate and pattern of phasic blood flow into the left ventricle were determined by ventricular volume determinations at intervals of 33 ms during a single diastolic filling period. The derived left ventricular inflow patterns were then compared with the echocardiographic mitral EF slope obtained no more than 25 minutes before left ventriculography. The steepness of the EF slope was found to be inversely correlated with the time required to reach peak inflow velocity (r=0.80, P<0-01) and directly correlated with the peak left ventricular inflow velocity divided by the time required to reach peak velocity (r= 0-72, P<0 05).No correlationwasfound betweenmeanflow velocity into the left ventricle and the EF slope (r=0-40, P=NS). A significant inverse correlation was found between the EF slope and the fraction of the diastolic filling period elapsed when 50 per cent of the filling volume had entered the left ventricle (r= -0-85, P<0-01). Thesefindings suggest that the time required to reach left ventricular peak inflow velocity is one of the determinants of the mitral EF slope.
Ten patients without valvular disease were studied by ventriculography, and the rate and pattern of phasic blood flow into the left ventricle were determined by ventricular volume determinations at intervals of 33 ms during a single diastolic filling period. The derived left ventricular inflow patterns were then compared with the echocardiographic mitral EF slope obtained no more than 25 minutes before left ventriculography. The steepness of the EF slope was found to be inversely correlated with the time required to reach peak inflow velocity (r=0.80, P<0-01) and directly correlated with the peak left ventricular inflow velocity divided by the time required to reach peak velocity (r= 0-72, P<0 05).No correlationwasfound betweenmeanflow velocity into the left ventricle and the EF slope (r=0-40, P=NS). A significant inverse correlation was found between the EF slope and the fraction of the diastolic filling period elapsed when 50 per cent of the filling volume had entered the left ventricle (r= -0-85, P<0-01). Thesefindings suggest that the time required to reach left ventricular peak inflow velocity is one of the determinants of the mitral EF slope.
The echocardiographic diastolic closure slope of the Methods anterior mitral valve leaflet (EF slope) has become an important measurement in clinical cardiology. The study population consisted of 10 subjects Several disorders of left ventricular function have (mean age 51 years) selected from a group of patients been associated with lessening of the steepness of undergoing diagnostic left ventriculography and this slope in the absence of intrinsic mitral valve coronary cineangiography as part of an evaluation of pathology (Schattenberg, 1968 ; Popp and Harrison, chest pain thought to be angina pectoris. Patients 1969; McLaurin et al., 1973) , in with mitral and aortic valve disease and patients particular abnormalities in the rate of left ventricu-with intracardiac shunts were excluded. Patients lar filling (Zaky et al., 1968; DeMaria et al., 1976) were catheterised in the postabsorptive state after and left ventricular compliance (Quinones et al., light sedation with oral diazepam. Intracardiac pres-1974) . Though instantaneous mitral flow velocity sures were measured with Statham P23Db transthroughout diastole has recently been measured in ducers. The zero pressure reference level was 5 cm man (Kalmanson et al., 1975a, b) , the relation posterior to the sternum with the patient supine. between the patterns of flow observed and echo-Left ventricular end-diastolic pressure was taken at cardiographic motion of the anterior mitral leaflet a point 40 ms from the beginning of the QRS comwas not examined. The ventriculographic stroke volume was taken point X; initial peak inflow by point Y; late diastolic as the difference between the end-diastolic and endinflow associated with atrial contraction by point Z.
systolic volumes. Changes in ventricular volume between alternate cine frames of the diastolic filling 35 mm film using either a Philips 6 in or a Siemens period chosen for study were then determined. Since 7 in caesium iodide image intensifier. Correction the time interval between alternate frames is 33 ms, factors for magnification and distortion were ob-the velocity of blood flow into the left ventricle was tained for each patient using a standard 1 CM2 calculated for each 33 ms increment of the diastolic angiocardiographic grid filmed at the level of the filling period and plotted as a function of time (Fig. centre of the left ventricle (Dodge, 1971) . The 1). In this manner the pattern and rate of blood resolution of our cineangiocardiographic system was flow into the left ventricle could be graphically determined to be 3-7 line pairs per millimetre. Each represented for each patient. From these plots the ventriculogram was then viewed on a Vanguard following values of diastolic left ventricular (LV) XR-35 projector. Only those angiocardiograms filling were calculated: with no ventricular irritability early in the injection (a) mean LV inflow velocity (ml/s)= were studied. A single complete diastolic filling ographic stroke volume period, usually the second or the third after the angiogaphicstrokevolum initiation of contrast medium injection, was then diastolic filling period chosen for detailed analysis. The onset of diastole (b) initial peak inflow velocity (ml/s) = was identified by the ventriculographic frame first point Y of Fig. 1 From these graphs the percentage of the diastolic with the ventriculographic measures of left ventrifilling time that had elapsed when 50 per cent of cular filling using standard regression analysis left ventricular flling had been completed could be (Keeping, 1962) . Correlation coefficients were identified for each patient. determined for each; a significant relation was conEach patient underwent echocardiography in the sidered to exist when P < 0 05. supine position in the cardiac catheterisation laboratory no more than 25 minutes before left Results ventriculography. All echocardiograms were obtained with an Ekoline 20 Smith-Kline ultrasono-The basic haemodynamic and ventriculographic scope using 7'5 or 10 cm focused transducers held data of the 10 patients studied are summarised in perpendicularly to the chest wall in the 3rd to 5th Table 1 . Two patients had normal coronary left intercostal spaces. Recordings of the anterior arteries. Four had single vessel, 3 had double vessel mitral valve leaflet were made with a Honeywell and 1 had triple vessel coronary artery disease as 1856 strip chart recorder at both 50 and 100 mm/s manifested by a reduction in vessel diameter of 75 paper speed. Care was taken to record the mitral per cent or more. Three subjects had either akinetic anterior cusp echo which had the maximal excursion or dyskinetic left ventricular waU segments. The left and a monophasic diastolic closure slope (Rodger ventricular end-diastolic pressure and left ventricuand Sumner, 1975) . The diastolic closure slope lar end-diastolic volume ranged from 2 to 25 mmHg (EF slope) of 10 consecutive beats was calculated (mean 8+2 mmHg) and 48 to 387 ml (mean 160 ± and an average value obtained for each patient. The 28 ml), respectively. The ejection fraction ranged heart rate at the time of echocardiography was 6 from 0-31 to 0 74 (mean 0-60 ±0t04). There was no beats/minute faster than at the time of left ventri-significant correlation between these haemodynaculography. mic measurements and the echocardiographic The mitral valve EF slope was then compared mitral EF slope. A B C Fig. 1 illustrates the pattern of blood flow into of 135 ± 14. The mean and initial peak blood flow the left ventricle during diastole for case 3. With the velocity into the left ventricle were 230 ±40 ml/s opening of the mitral valve (X) the velocity of blood and 70 +70 ml/s, respectively. flow into the left ventricle increases rapidly until Fig. 3A , B, and C illustrate the pattems of phasic it peaks at (Y). After this point the inflow velocity blood flow velocity into the left ventricle for 3 of the falls off rapidly only to increase again with atrial patients with differing echocardiographic mitral contraction (Z).
valve EF slopes. With the steeper EF slope the peak The percentage of total diastole flow into the left mitral inflow velocity (Y) tends to be greater. ventricle against elapsed time expressed as a per-Though the correlation between the EF slope and centage of the diastolic filling period for case 3 is the initial peak inflow velocity did not reach statisplotted in Fig. 2 . Fifty per cent of the eventual tical significance, there was a good negative correblood flow into the left ventricle has occurred during lation of the EF slope with the time required to the first 22 per cent of the total diastolic filling reach peak flow velocity (r=-0.80,P <0.01) (Fig. 4) .
period.
In addition there was a statistically significant cor- Table 2 summarises the derived measures of the relation between the echocardiographic EF slope velocity of blood flow into the left ventricle in early and initial peak inflow velocity divided by the time diastole and the echocardiographic EF slope. The to the development of peak inflow velocity for each EF slope ranged from 78 to 204 mm/s with a mean patient (r=0.72, P < 005) (Fig. 5) . There disease and related the patterns derived to the echocardiographic motion of the anterior mitral overall mean velocity of blood flow into the left valve leaflet. In these patients the echocardioventricle.
graphic EF slope was found to be significantly corWhen the percentage of total diastolic flow related with the time required to reach peak inflow occurring with each 33 ms increment of time is velocity and with the initial peak left ventricular plotted against the percentage of the diastolic filling velocity divided by the time required to reach peak period elapsed for each patient, a series of curves is velocity, i.e. the rate of rise of flow velocity to peak generated (Fig. 6) . The curve is shifted to the left as inflow velocity. No correlation was found between a greater portion of the blood flow enters the ven-overall mean flow velocity into the left ventricle and the EF slope. Finally, a significant negative correlation was found between the EF slope and the fraction of the diastolic filling period elapsed when 50 200 -*si per cent of the filling volume had entered the left ventricle. These data suggest that the rate of early left ventricular filling, as manifested by the time required to reach initial peak inflow velocity, is one 8l150 of the major determinants of the mitral EF slope. \ . Nolan et al. (1969) (Kalmanson et al., 1975a) . Though the It should be noted that such an analysis is based authors reported on the range of normal flow on the assumption that small differences in heart velocity patterns using this technique (Kalmanson rate alone do not significantly alter the rate at which et al., 1975b) mitral valve echocardiograms were not the left ventricle fills in early diastole. Though the examined.
validity of this assumption cannot be determined In the present study, using standard ventriculo-directly from our data, the lack of a correlation graphic techniques and equipment, phasic mitral between heart rate and peak mitral flow, the time to valve flow was derived for each study subject and peak mitral flow, and the rate of rise to peak flow in compared with the echocardiographic EF slope of the present study indirectly support this assumption. the anterior leaflet of the mitral valve. The validity In addition the range of heart rates observed in of such a frame-by-frame analysis of ventricular our study population during ventriculography is volumes to derive left ventricular phasic inflow narrow. Any independent effect of these small velocity has been recently presented (Hammer-differences in heart rate upon peak mitral flow, the meister et al., 1974; Hammermeister and Warbasse, time to the development of peak mitral flow, and 1974). The patterns of left ventricular inflow derived the rate of rise to peak flow if present would be using this method are quite similar to those pre-expected to be small. viously observed, as mentioned above, in the exAlthough it is frequently stated that differences in (Quinones et al., 1974; Gaasch et al., 1975) . of phasic mitral flow for each study patient. Such an DeMaria et al. (1976) were only able to show a analysis has allowed us to determine that for patients general relation between the non-simultaneously with coronary artery disease the time required to recorded EF slope and total left ventricular diastolic reach peak inflow velocity may be a more important compliance (AV/ AP) normalised for end-diastolic determinant of the steepness of the mitral EF slope volume. These investigators concluded that the than the peak inflow velocity itself.
mitral EF slope did not provide an accurate assess- 
